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INTROLUC TION 


The purpose of this-circular is to describe the sealing off of @ mine 
fire and subsequent use of carbon dioxide gas to extinguish it. 


A fire of electrical origin occurred in the Valier mine of the Valier 
Coal Co., Valier, Franklin County, Ill., on March 29, 1949, at about 1:35 
peme It was discovered about 3:35 p.m. in 5 south west intake airwey inby 
1 and 2 west panels. The No. 5 southwest airway had caved, and the fire was 
in the top coal beneath a lerge fell of rock. All men, excertt officials, 
were ordered from the mine. The mine officials decided to seal the fire, 
and four temporary seals were erected, which isolated approximately 200 
feet of 5 south west entry. The seals were completed on March 30 at 2:45 
&.m., but on March 31, at 3:40 a.m., two of them were blown out by an 
explosion of gas that was produced by the fire. The two seals were rebuilt, 
the work being completed on March 31 at 12:00 noon, but they were blown out 
by another gas explosion at 12:10 a.m. on April 1. It was then decided to 
extinguish the fire with water if possible. 


To accomplish this, concrete-block dams were constructed. Qn April 1, 
about 4:25 a.m., when the dams were about half completed, water was intro- 
duced into the fire area through a 2-inch pipe. 


On April 4, J. G. Crawford, general manager of the Valier Coal Co., 
notified James Westfield, chief of the Vincennes (Ind.) Branch, U.S. 
Bureau of Mines, by telephone of the fire in Valier mine and requested 
assistance to combat it. Westfield, accompanied by F. J. Smith and H.C. 
Brumbaugh, Federal coal-mine inspectors, went underground and inspected the 
seals and dams. later, during a conference with company officials, it was 
decided that the concrete-block dams were not strong enough to withstand 
the hydrostatic pressure that would be produced by flooding the fire area. 
It was then decided to use carbon dioxide gas to extinguish the fire. Four 
seals were completed, and 5 tons of carbon dioxide gas was introduced into 
the fire area, which extinguished the fire. 


ACKNOWLEDGMENT 
The authors greatly appreciate assistance of the officials of the Valie: 
Coal Co. and the representatives of the Cardox Corp. in the nreperation of 
this circular. 
GENERAL INFORMATION 


The principal offices of the Valicr Coal Co. are in Chicago, Ill. 
Valier mine is served by the Chicago, Burlington & Quincy Railroad. 
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THE 


Tre mine is opened by two concrete-lined shafts, one of which (the 
coal-hoisting shaft) is 596 feet deep and the other is 578 feet deep. The 
mine is develoved in the Illinois No. 6 coal bed, which is flat and averages 
8 feet in thiclmess. Six feet of the coal bed is mined, and 2 feet of top 
coal is not mined and forms the immediate roof. The main roof is laminated . 
Shale about 60 feet thick, and the bottom rock is hard fire clay. The cover 
ranges from 600 to 650 feet in depth. The average employment was 631 men, 
of which 542 worked underground and 8&9 worked on the surface on two shifts. 
The daily production averaged 6,150 tons of coal, all of which was loaded 
with mbile loading machines. | 


An adequate supply of water is piped to all sections of the mine through 
& &-inch pipe line and is available for fire fighting. Fire hose, an ample 


Supply of rock dust, and suitable fire extinguishers are provided at strategic 
Places throughout the mine. . : 


Several fires, thought to be of electrical origin, have occurred in 
br ‘S mine. Two large areas had been scaled before the fire described herein 


an ie In one of them, considerable mining equipment was left behind 
"8 r | i 7 7 : . ive . 


STORY OF THE FIRE 


the At 1:35 p.m. on March 29, 1949, an electrical power failure occurred in 
a 2 west south and the min south, and because of the possibility of fire, 


Wore Puovees except those engaged in finding the cause of the power failure 
7 ordered to leave the mine, | = e 3 
ana oars was observed in 5 south west intake airway at about 3:35 ‘PoMey 
fect int ire was discovered therein between 2 and 3 west panels about 800 
Was dec i the junction. with main west. The fire was in a caved area, and it 
“Cited that the top coal beneath the "fall" was burning. 
eh officials decided to seal. the fire by erecting four temporary 

tween as ~ two in 5 south west entry and one in each of the two crosscuts 
206 feet of > and 6 south west entries (fig. 1). ‘The sealed area comprised 
origina ly. ae south west entry that was approximtely 24 feet wide and was 
toh) feet p iven to a height of 6 feet. The entry caved to a height of 20 
stele vers oe almost the entire length of the sealed area. The temporary. 
Completed at 2:45 a.m. on March 30. | 
the eae & om. on March 31, about 25 hours after the seals were completed, 
imited by fy south seals were blown out by an explosion of gas that was _ 
noon on heh fire. The seals were rebuilt, the work being completed at 
north and’ ¢ 31, but at 12;10 a.m. on April 1, about 12 hours later, the 

| Cuth seals were again blown out by an explosion of gas. 


sm mine officials then decided ‘to extinguish the fire vith water, if 
duced into Concrete-block dams were constructed so that water could be intro- 
ha “© the fire area... At 4:25 aem. April 1, when the dams were about 

if completed, wate . 


Pipe r was introduced into the fire area through a 2-inch- 
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On April h, J. G. Crawford, general manager of the Valier Coal Co., 
notified the Vincennes; » Ind., office of the Bureau of Mines by telephone that 
a fire was burning in the Valier mine and requested assistance to combat it. 
On April 5, James Westfield, F. J. Smith, and H. C. Brumbaugh, of the Bureau 
of Mines, went underground ° to inspect the construction of the seals and dams. 
After the ‘inspection, during a conference with company officials, it was 
decided that the cancrete-block dams would not withstand the hydrostatic 
pressure that would result from flooding the entire fire arca . It was then 
decided bc use carbon Gloxide gas to extinguish. ‘the fire. 


An official of the Valier Coal Co., through a Hope osentative of the 
Cardox Corp. at Benton, I11., arranged for delivery of 5 tms of liquid car- 
bon dioxide, which arrived at the mine in a tank mounted on a trailer truck. 
A converter to gasify liquid carbon dioxide was oaks of the equipment in-— 
stalled on the trailer truck. 


Concrete-block seals were completed at 10:00 a.m. on April 6, whereupon 
the mine officials discontinued piping water into the fire area. ‘The ‘water 
behind the seals had reached a maximim height of 40 inches above the bottom 
of the south seal. Large volumes of smoke were’ issuing from the fire area 
indicating that the fire had not been extinguished; moreover the south seal 
was being heated. 


The possibility of an explosion constitutes an ever-present hazard 
during sealing operations after a. ‘fire area -has* been sealed and until the 
oxygen content of that part of the atmosphere surrounding the active fire 
is reduced to less than the critical oxygen value of the air-free original 
atmosphore .3/ This statement is substantiated by the fact that the north and 
south seals were blown out twice ° 


To prevent the seals from bathe % blown out, it was decided to ventilate 
the area during -the- early stages of admitting the diluent (carbon dioxide 
gas) into the area, so that the diluent therein could be increased to a 
point where the atmosphere could not form an ears. mixture during and 
after the nealing eoenoveene > & 


Wooden isaphosrs ‘2h x 30 inches were built in both the north and south 
seals. A 2-inch pipe equipped with a gate valve was installed in the north 
seal, and two eee pipes oquipped with valves were installed in the south 
soals. 


' The eastee dioxide gas was aniecea into the fire aroa for the first 
time at 11:30 a.m. om April 6, arid the man’ doors in the north and south seals 
remained open. The ventilating currents were directed through the fire area 
until 12:50 p.m. April 6, at which time the carbon dioxide contont of the 
atmosphere returning from the fire area had increased to 40 percent, and it 
was decided that the ‘atmosphere was not capable of forming an explosive 
mixture. The . oe in the seals were then closed. 


Ash, 5. H., and Foleay, E 0 Wey fmalyoes of "Complex Mixtures of Gas: Bureau 
of Mines Bull. 471, ‘ous, p. 81. 


3688 -\- 


Google 


It is interesting to note that this procedure was not necessary, because 
the critical gns-mixture value, as calculated from the four samples taken 
prior to introduction of the carbon dioxide: gas, showed that the atmosphere | 
was not explosive or capable of forming an explosive mixture » 


The partial flooding apparently had decreased the amount of ‘burning Stile Saxe 
mterial, because the atmosphere from the fire area’ had produced an eapioeive 
mixture on two previous occasions - aeEcD 31 and April le 2. ofa | 


Ash and Felegy.¥/ developed a ne tind of determining whether or not an . | 
atmosphere containing combustible gas was capable of forming an explosive — 
mixture. This is done by determining the critical gas-mixture value of the _ 
air-free original atmosphere ; consequently, . the. constituents: of the’ original 
atmosphere are calculated onan air-free basis, — 


Table 1 gives the analyses of four samples taken in the fire area prior 
to the introduction of carbon dioxide gas, and table 2 gives the analyses 
calculated to an 2ir-free basis. When these samples were taken, the fire 
seals were not completed, and eee taee was es over the fire ATCA o 


TABIE 1. = esieses of mine aise sdiine taken prior to the | 


introduction of COs gas into fire area of 
Valier mine ae: 


Bottle , Percent volume _ | ! 
No. | Cj; Of, ; Air | BH: CO | wate Date |Time, a.m. 
3053 2.0.81 120.02! 95,65: 10.07 10 .06 {0.20 = 8414 /5/49| 11230 


8858 .../1.78 | 18.72! 89. oa 20) .20| .22)78.88:4/5/49! 11:32 
5675 ove |b Bh 15.08) yen 86 | ad! - 50 | | $3918.79 |b ono 11:k2 
L654 .../6.59 | 12.86! 61.44 | 057; 65! .48!78.85!4/ 2 9} 11:40 


TABLE 2. - " Gonstbtuents of origina? atmos vhere caloulat ad 
to peer ~: CO, into fire area 


| . o- of Valier mineyo- | 
ane emcee) eae 
' A : . 
3. ws. & Se 2 


3053 eeoveveseeose 
88 eecvocecereevece 


201d aaeien eases bies | 
46 


Wash, Sv Ha) and Fology, & ce "algeos er Coupler. Mixtures of Gases? 
Bureau of Mines Bull»: a, I9hs, BP. 19, 22, 90-93, and. 197. 
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CALCULATIONS OF THE CRITICAL GAS “MIXTURE VALUE — 


The critical gas aie values were determined for the four samples 
as follows; ; 


Applying the critical gas ~mixture value method to sample 3053 
was first determined that (10.2 Ho) < COs (in the air-free maiyeis} 


10s K 1.61 = 16.42 and is€ (COs) or 18.62 
Then : | 


Ce Ge M. Vex = LO ,O00 
. © 5.15A, + 7B, + 20-12 (Hy), - 0.875D, 


wherein C. G. M. Ven, is the critical gas-mixture value (in percent) of the 


~ 


air-free original atmosphere: 
A, = the volume of carbon monoxide in the air-free original atmosphere 
B, = the volume of methane 
(Hp), = the volume of hydrogen 

and | 


D 


12 the volume of carbon dioxide. 


| 10,000 bhi 
(5.15 X 1.38)4+(7 X 4.260)+(20.12 X 1.61)-(0.875 X 18 .62) | 


7 10 ,000 | = 10,000 = 180.47 
7-107 + 32.2 + 32.3932 - 16.2925 ‘356 aa 


The eritical gas-mixture values calculated for the three oa ae 
Samples are as follows; 


Sample 8858 - C. G M. Venn =- 212 Jl 
Sample 8575 - C. G. Me Vey = 283.82 


Sample 4654 - Cc. G. M. V. | e 310 49 


The critical gas-mixture value was calculated with nitrogen’ as the © 
diluent rather than carbon dioxide. It is immaterial which forma is used 
to calculate the critical gas-mixture value of the air-free mixture insofar 
as selection according to the inert gas (diluent) is concormed. It is 
necessary only to select the pertinent case and use the pertinent formula as 
determined by the relationship between the volume of hydrogen and carbon 
dioxide, carbon monoxide and nitrogen, or methane and nitrogen. 
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As explained by Ash and Felegy, if the real value of the various con- 
stituents comprising the air-free original atmosphere are substituted for 
the symbols of the critical gas-mixture formula, and the critical gas-mixture 
value is found to be less than 100, the air-free analysis has explosive 
limits; if it is 100, more than 100, or has a negative value, both the 
original atmosphere and the air-free original atmosphere are not explosive 
ond are incapable of forming explosive mixtures with air. 


The critical gos-mixture value of the four samples is greater than 100, 
showing that the original atmosphere 6f the air-free original atmosphcre 
was not explosive and was incapable of forming an explosive mixture with air. 


METHOD OF ADMITTING CARBON DIOXIDE INTO THE FIRE AREA 


The carbon dioxide gas was admitted into the fire area from 11:30 a.m. 
to 10:45 p.m. om April 6 and from 9:00 to 11:30 a.me on April 7. A valve 
in one of the 2-inch pipes in the south seal was open during the period that 
the carbon dioxide was admitted into the fire area to allow the gas therefrom 
to escape so that the pressure in the fire area would not increase above the 
norml:mine pressure and causé leaky seals. The carbon dioxide gas was . 
admitted into the ftre area through a 2-inch pire line, which was part of the 
sprinkling systém’in this mine. The liquid carbon-dioxide tank and converter 
were connected to the pipe line at the top of the mtcrial and mn shaft. 
The 2~inch pipe line extended to the bottom of the shaft and along the haulag 
entries to the fire area, a distance 6f 7,000 feet. The flow of carbon 
dioxide wos controlled by a gate valve installed in the line on the surface. 
A prossure gage was installed in the pipe line, cnd the line pressure was 
mintained at about 60 pounds per square inch. A total of 5 tons of liquid 
carbon dioxide or 85,700 cubic feet of carbon dioxide gas at 60° F. and 760 
fire area pressure (norm atmospheric conditions) was introduced into the 

area. 


Approximtely 1 ‘hour arter the. carbon dioxide gas was first inteoanced 
into the fire area, the south seal had cooled to almost normil mine tempera- 
ture and only o small volume of smoke was issuing from the fire area. The 
euthors believe that the fire wos extinguished by 10:00 p.m. on April 6, as 
no smoke was coming from the orea and the seals had cooled to normal mine 
temperature. As the mining company had contracted to purchase 5 tons of 
carbon dioxide, it’ was’ decided-to use the entire amount to maintain a high 
concentration in the fire area. It also wos decided to let the sealed area 
cool for a few days, so ee oe fire would not rekindle. 


The fire area was eae on April. 19 by driving through: ‘the pillars 
between the 4 and 5 south west entries, as shown in figure 2, after which 
a track-mounted Idading michine was used to load rock and top coal in the 
fire aren. A total of 421 mine cars (approximately 2 ,060 ‘tons of rock, coke, 
and cond) was loaded; however, fire was not observed at that time. 


Seaiiee of the atmos phere in the fire aréa were token at ee inter- 
vals during the time the carbon dioxide gas was admitted and while the area 


was 8ealed after the introduction of carbon dioxide gas. Table 3 gives the 
analyses of these samples. | 


3688 | - -T- 


Google 


1 


cara 2 OSsTtr. 90° . 


Zog jo ost ponupaMOsTC, * *pesoTo sodtd yon Ty |: 


out y %. 008 


42 upese 4 oie potes o9Uy: ome Buyppods ‘pozreyg | 


Riek a od “09.0 osn aut Bpnirha wde re 


shed Ota 
sT ues ygnos pu: yZ10U Uf; stoop wal Peso) 


cud OS#zI [ves yynos edtd your -Z ous PesoT) | 


- *COle OES UT “UOTZUTFZUOA 
poonpay. ‘*Tves YyNoOs UT uodo sodtd yout-g oa 
*s[vas YyNos puv yZa0U UT Uedo szcop uy ° uD 


O€¢IT 92 vere caps ofp SQN Buzqg;UpL pozADIg: 
Sy.IuIOY 


SQ9 go UCTZONPOIZUT O43 Bupanp woyv}y soTducs aztec Jo soskpouy - 


Pee. hom 
5 ‘ 
2 


ARRSA RRS AS 
Sf ot ot Ft ot At AEE 


aang i ay 
eh 


NAD: paneer iar 


OD at hat. Wal teat OINIn=t a et 


sme a G8 Iu 
“mv. ST tT 


“ur D GCs Tt 
| "ure me 72 


eS Oh a Oe 
nr} 


RARARRAGR 


a * 
at ot ot 


bee 


UNNO} 


-t 


Poa 
NY | 
N 


OP SEI: 
6° EI. 
O° Gey 
0°62} 
9° 9t 
L*LE 
S6E 
6°6£ 
9° Th 
age 
Lath 
“ThGy 


Shy 
65.8 
ome 


9° Eh, 
Oe 


C* Ei. 
i? €L 
Tyg 
T°69 
Q° GS 
4° 6 
G6 


IAN 


ININOAD LADY. =10 


NON VtAd Ad FtMM MMO MMtteEMNNM © 


. 4 ° . 1? “Fr 
——— ee ee Eee eee 
_* ® ‘ ‘ . = 


. 
, 


OO A+ Tao INO Waa 


| o 96 dz! 2b 
oct! 2g 
0 |00°6 | SE 98 149° 0 


Sy i Sg | So9 


SuNTOA z qusoaog 


°€ TMvVL 


TY 


C 


_ 
7m 


at | 
at 


inal fi 


ry 
= 


c 


STATE UNIVER! 


Ori 
JHIO 


THE ¢ 


itized by Coc ) le 
g 


a 
SI 


Di 


"a1qe9 pesaaod-s9qqGn4 UO1SUa}-YOIYy BulzZOeUUOD 40j pasn 410zD9UU0D ABM-OM} g-0 - “E a4ndIY 


DMOLIOGNOD O-'l 


Google 


The highest. percentage of carbon dioxide in the fire area, sample 3574, 
ves shown-at 10:00 p.m. on April, 6. Analysis of this samplo shows that the 
carbon dioxide was 73.7 percent and the nitrogen 23 eal percent, a total of. 
96.8 percent inert gas. The oxygen content was 1.6 percont, and the com-. 
bustible gases wore 0.2 percent pale ca » Of percent carbon monoxide, and. 

0.7 percent methane . 7 ee oe : : 


The last sample, taken on April 18 just prior to opening the sealed 
area, showed 32.6: percont carbon dioxide and 61.07 percent nitrogen, a 
total of 93.67 porcent inert gas. The oxygen content was 5.2 percent, and — 
the .combustiblo gases were 0.23 percent carbon monoxide and 0. 9 percent 
nethane » : —— 


rw cEMATTON oBDAINED DURING openrnse OF FIRE AREA 
~The following facts were disclosed during removal. of rock from the 
fire areca: | ‘ 


a; The fire hod beon oxtinguished by. the. carbon ‘Atoxide. | 7 


Ze The fire was confined to on area of about 15 ‘feet horizontally and 
10-1/2 fect vertically; it had started in the top coal, which hodfillen, and 
had extendcd into the carbonaceous shale een the coal bed. (See fig. 2) 


3. The fire was of electrical origin. “A 2,300-volt cable on the floor 
in the fire area was covered by a large fall of coal and rock. In cleaning 
up the fall, it was found that the cable had been spliced; however, the 
Splice was mide with small brass sleeve connectors, as shown in figure 3. 
The ends of the cable were "butted togethor” in a sleeve and held in place 
with four srall sct screws. The exposed wires and brass siceves were then 
covercd with rubber, cambric, and friction tape. Evidence found while the 
rock fall was being removed revealed that the insulation on the splice had 
been damaged by the fall, which, it is believed, resulted in o comparatively 
high-resistance short circuit between two of the cable connections. When tie 
insulation burned from the cable connections, a "dead short” occurred, which 
caused enough current to flow to open the breaker at the 33,000-volt 
Switching station. When the short circuit, which caused the fire, occurred, 
the breaker at the borehole did not open, because the overload “trip” was 
set for too high a current. 


SUMMARY AND CONCLUSIONS 


1. Attempts made by the company to seal the fire area were unsuccessful, 
because twice the seals were blown out by on explosion in the fire area. 


2. The company attempted to flood the fire aren with water, but this 
had to be discontinued becouse the dams were not strong enough to withstand 
the hydrostatic pressure that would rosult from flooding the aren to the 
height of the caves, which was 20 to 40 feet. 


3. Carbon dioxide gas was introduced into the fire area to dilute the 
nine-fire gases and extinguished the fire. Approximtoly 1 hour after the 
carbon dioxide was introduced into the fire area the south seal had cooled 
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to almost normal mine temperatiire, and only a small volume of smoke issued 
from the fire. The authors believe the fire was extinguished: by 10:00. p.m. 
on April 6, approximately: ay bac aft ver ‘the eee dioxide‘ was ee 
anette to the AFA » 


ie ES _e 
Z ’ 


4, The use of saeioe aiseide gas con prevent. an Sepids ten: asine roe 
ing of a mine fire. 


To avest recurrence of. euch a fire; the anes ee to Parec ce a. 
ground-fault ‘protective system.and has excered the necessary material. rhe 
system will consist primrily of dsriving a neutral from .the.delta-connected 
secondary at the borehole transformer station by using a zig-zaog-connected : 
grounding trausformer. The neutral of this system then will be grounded 
through o current-limiting resistor. ‘The 2,300-volt ‘cables that supply the 
underground equipment will contain three grounding conductors and a metallic 
woven shield around é6ach current-carrying conductor. The shield and ground- 
ing conductors will be connected and tied to the grounded neutral at the 
transformer station on the ground side of the resistor. In such a plan, 
when a cable is.damged mechanically, such'cs by a roof fall,.the neutral 
circuit will be energized before 2 short circuit between conductors can 
occur. Also, ‘the current flow in’ the. neutral circuit will.be limited by the 
resistor to a harmless. vdlue..‘The system also will be equipped with a. -- 
foult-current: tripping device, which will open the oil circuit breaker at 
the transformer station on the occurrence of a phase-to-neutral fault. 


» ¢ 


3688 a ee “a9 - 


Go gle 


